Journal of
INTERNATIONAL
MEDICAL RESEARCH

Meta-Analysis

Journal of International Medical Research
2018, Vol. 46(1 1) 43634376

Intramedullary nail versus © The Authors) 2018
Article reuse guidelines:

I O c ki n g p I ate fo r t re at m e n t sagepub.com/journals-permissions

DOI: 10.1177/03000605 18781666

of proximal humeral "g"b@gg;gg
fractures: A meta-analysis
based on 1384 individuals

Ming Li'"**, Yanhua Wang?>*, Yupeng Zhang®,
Ming Yang?, Peixun Zhang? and Baoguo Jiang'"

Abstract

Objective: The optimal surgical intervention on the treatment for proximal humeral fractures
(PHFs) remains uncertain. The aim of this study was to evaluate clinical outcomes following
fixation of PHFs by intramedullary nails or locking plates

Methods: The Cochrane Library, PubMed, EMBASE, China Knowledge Resource Integrated
(CNKI), Chongging VIP and Wanfang databases were systematically searched for studies pub-
lished between January 01, 1996 and December 31, 2016 that investigated intramedullary nail vs.
locking plate in the surgical treatment of PHFs. A meta-analysis examined incision length, blood
loss, operation time, fracture healing time, Constant scores and post-operative complications.
The methodological and evidence quality were also assessed by MINORS and GRADE system.
Results: From the original 1024 references, 20 studies involving 1384 patients met the eligibility
criteria. Analyses showed that intramedullary nails were superior to locking plates in incision
length, peri-operative bleeding time, operation time and fracture healing time. However, there
were no differences between treatments in Constant score or post-operative complications.
Conclusion: Although the evidence quality was poor, the results suggest that compared with
locking plates, intramedullary nails may be a better choice for the repair of PHFs.
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Introduction

Proximal humeral fracture (PHF) is a
common shoulder fracture of increasing
prevalence which is common in elderly
patients, many of whom have osteoporo-
sis." ™ Recent estimates suggest that proxi-
mal humeral fractures account for 4-5% of
all fractures and 20% of all fragility frac-
tures.*> Although most PHFs do not
require surgical intervention, surgical treat-
ment is still necessary for comminuted or
seriously displaced fractures including two,
three, and four-part fractures.® While, con-
ventional plate and screw fixation has a
high failure rate’, recent reports suggest
that intramedullary nail and locking plates
may provide good clinical outcome for
unstable PHFs with rigid internal fixation.®

Although several studies have compared
clinical outcomes following the use of intra-
medullary nail or locking plates for PHFs,
the optimal management for the surgical
treatment of these fractures remains
controversial.” *® A meta-analysis of eight
studies conducted in 2015 that evaluated
clinical outcomes and complications follow-
ing insertion of locking plates or intrame-
dullary nails for PHFs did not conclusively
show their benefits and suggested more
research is needed.” In addition, the study
did not analyse the outcomes of the differ-
ent types of PHFs according to their Neer
classification.’® Therefore, the purpose of
the present meta-analysis was to evaluate
evidence from studies that compared clini-
cal outcomes following surgical treatment
with intramedullary nail or locking plates
in different types of PHFs.

Methods

The Cochrane Library, PubMed,
EMBASE, China Knowledge Resource
Integrated (CNKI), Chongqing VIP and
Wanfang databases were systematically
searched for studies published between

January 01, 1996 and December 31, 2016
that investigated intramedullary nail vs.
locking plate in the surgical treatment of
PHFs. Key words/terms included: PHF;
humeral neck fracture; PHN; PHILOS;
intramedullary nail; proximal intramedul-
lary nail; locking plate; locking proximal
humerus plate. In addition, the reference
lists of all included studies were checked
for any potential additional publications.
No restrictions were made on the publica-
tion language.

For a published report to be included in
the meta-analysis, it had to fulfil the follow-
ing criteria: (1) comparative randomized,
controlled clinical trial or retrospective
study of level III and above (Canadian
Task Force on the Periodic Health
Examination’s Levels of Evidence),>' that
reported intramedullary nail vs. locking
plate in the treatment of PHF; (2) reported
at least one variable (e.g., incision length,
blood loss, operation time, fracture healing
time, Constant score®* and/or postoperative
complications); (3) follow-up time was at
least 12 months. Single case reports,
reviews, abstracts, letters, meeting proceed-
ings and  non-comparative  studies
were excluded.

Two reviewers [M.L., Y.H.W.] indepen-
dently screened the papers from their titles
and abstracts and selected relevant studies.
The reviewers were not blinded to the jour-
nals, organizations, financial assistance,
conflict of interest and/or researchers’ infor-
mation. The reviewers then assessed the full
text to determine if the study should be
included. Any discrepancy was resolved
through discussion.

Three reviewers [M.L., M.Y., Y.P.Z/]
independently extracted data from each
study using a standard data extraction
form. The following items were extracted:
title; authors; date; country; study design;
number of intramedullary nail and locking
plate cases; number of female patients;
Neer classification®; age, duration of
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follow-up;  clinical level
of evidence.™!

The methodological quality of the
included randomized controlled trials
was independently assessed by two authors
[M.L., Y.H.W ] using the ‘Cochrane collab-
oration’s tool for assessing the risk of bias’ >
Disagreements were resolved by discussion
or consensus and a third author [M.Y] was
the adjudicator when no consensus was
reached. The tool covers seven domains:
(1) random-sequence generation (selection
bias); (2) allocation concealment (selection
bias); (3) blinding of participants and per-
sonnel (performance bias); (4) blinding of
outcome assessment (detection bias); (5)
incomplete outcome data (attrition bias);
(6) selective reporting (reporting bias); (7)
other biases. All other studies were assessed
by the same two authors using the method-
ological index for non-randomized studies
(MINORS).* This is a validated instru-
ment which is used to assess the quality of
comparative or non-comparative controlled
clinical trials. MINORS contain 12 items
and each is scored as 0-2 (0= not reported;
I=reported but inadequate; 2= reported
adequately). A MINORS score >12 was
considered the level for inclusion in the

meta-analysis.

outcomes;

The level of evidence quality was
estimated according to the guidelines
of Grading of Recommendations,

Assessment, Development, and Evaluation
(GRADE).* Although the GRADE work-
ing group acknowledges the importance of
RCTs, it also recognizes circumstances in
which observational studies generate high
quality evidence of treatment effects. The
GRADE approach applies a sequential
assessment of the evidence quality and a
subsequent judgment on the strength of
the recommendations. The evidence grades
were classified into four categories: (1) high
grade (further research is unlikely to change
confidence in the effect estimate); (2) mod-
erate grade (further research is likely to

alter confidence in the effect estimate and
may change the estimate); (3) low grade
(further research is likely to alter confidence
in the effect estimate significantly and to
change the estimate); (4) very low grade
(any effect estimate is uncertain).
GRADEpro Guideline Development Tool
(GDT) software version 3.6 for Windows
was used to grade evidence and make
recommendations.

Statistical analyses

The meta-analysis was performed by two
authors [M.L., Y.H.W.] using Review
Manager (RevMan) [Computer program]
Version 5.3. Copenhagen: The Nordic
Cochrane Centre, The Cochrane
Collaboration, 2014. A P-value <0.05 was
considered to indicate statisti-
cal significance.

Prior to data analysis, heterogeneity was
assessed according to Cochrane’s y° (Q) test
and I? statistic.’® No heterogeneity was
defined as P>0.1, ’=0%, low heterogene-
ity was P> 0.1, I><50% and high heteroge-
neity was P<0.1, 1>>50%. For low
statistical heterogeneity, a fixed effects
model was applied to the data and for
high heterogeneity a random effects model
was used. Sensitivity analyses were per-
formed by removing one study at a time
and repeating the analyses. Weighted
mean difference (WMD) and standardized
mean difference (SMD) were used to mea-
sure the continuous variables and the rela-
tive risk (RR) was used for dichotomous
variables (+95% confidence intervals
[Cis]). Publication bias was investigated
with the use of a funnel plot graph. %

Results

The literature search yielded an initial pool
of 1024 references from which 20 articles
ultimately met the eligibility criteria
(Figure 1).°2® Twelve studies were
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Figure . Flowchart of the study selection process.

performed in China, three in Germany, two
in France, and one each in USA, Brazil and
Spain (Table 1). Three studies were pro-
spective and 17 were retrospective. Nine
studies investigated Neer type II PHFs,
one study investigated Neer type III and
one type IV. Three other studies investigat-
ed Neer types II and III PHFs, two studies
investigated Neer types III and IV PHFs,
and four studies investigated Neer types
II, 11T and IV PHFs.

In total, 1384 patients with PHFs were
involved in the 20 studies, (631 patients in
the intramedullary nail group and 753 in
the locking plate group). Individual
sample sizes ranged from 22 to 211 patients,
the male/female ratio was similar across the
studies and mean ages ranged from 49 to 76
years (Table 1).

Using the Cochrane collaboration’s
tool,* the methodological quality of the
three randomised controlled trials*® *® was
assessed. The three studies had low risk of
random sequence generation and allocation
concealment (i.e., selection bias) but had
high risk of blinding of outcomes (i.e., attri-
tion and detection biases).

The mean MINOR score from the 17
non-randomised  studies” >® was 16.7
(range, 15-17) which corresponded to a
70% score for the methodological quality
of the included studies.

Five studies assessed incision length.
Data from one study was separated into
two parts according to Neer classification.*
There was high heterogeneity between the
results (I’=97%, P<0.05) and analysis
showed that there was a statistically
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significant difference in incision length
between the intramedullary nail group and
the locking plate group (Figure 2). The inci-
sion length for the intramedullary nail
group was shorter compared with that for
the locking plate group.

Six studies of Neer type II fractures and
four of Neer type II, III and IV fractures
(one study was separated into two parts
according to Neer classification.?®) reported
peri-operative bleeding times. There was
high heterogeneity between the studies
(I’=94%, P<0.05) and analysis showed

locking plate

dy o ¥ g3 otal Mean D a B
Ren S et al. 2011 28 13 21 123 34 15 16.3%
Xiaodong X et al. 2014 27 14 14 103 31 24 166%
Gadea F et al. 2016 64 43 54 102 6 53 17.3%
Haijun Y. 2016 31 04 46 117 25 46 16.8%
Cheng G et al (IIl). 2016 a1 1 3% 125 23 32 165%
Cheng G et al (V). 2016 45 13 18 14 33 22 165%
Total (95% CI) 189 192 100.0%

Heterogeneity: Tau? = 4.77; Chi? = 144.72, df = 5 (P < 0.00001); I# = 97%
Test for overall effect: Z = 3.85 (P = 0.0001)

that there was a statistically significant dif-
ference in bleeding times between the intra-
medullary nail group and the locking plate
group (Figure 3). The blood loss for the
intramedullary nail group was less than
that for the locking plate group.

Six studies of Neer type II fractures and
six of Neer type II, 11T and IV fractures (one
study was separated into two parts accord-
ing to Neer classification.?®) reported oper-
ation time. There was high heterogeneity
between the studies (I’=78%, P<0.05)
and analysis showed that there was a

Std. Mean Difference Std. Mean Differance
Random. 95% Cl 1V, d 95% Cl
-3.87 [-5.03, -2.72) =
-2.90 [-3.85, -1.95] —_—
-0.72[1.12, 0.33] *
-4.76 [-5.58, -3.95] .=
-5.35[-6.39, 4.31] —E
-3.58 [-4.61, -2.54] —_
-3.51 [-5.30, -1.72) "" L
4 2 0 2 4

Intramedullary nail  Locking plate

Cheng G et al. 2016 ** was separated into two parts according to Neer classification®

Figure 2. Forest plot for meta-analysis of incision length between the intramedullary nail and locking plate
groups using random effects model. Data from studies that assessed this parameter.

Intramedullary nail locking plate

Std. Mean Difference Std. Mean Difference

_Study or Mean SD Total Mean SD Total Weight IV. Random, 95%Cl 1) 95% Cl
2.1.1 Neer Type Il
Zhu Y et al. 2008 2141 137 26 3821 2006 28 9.6% -0.96 [-1.52, -0.39] il
Zhu Y et al. 2011 2141 140.2 25 3821 200.6 26 96% -0.95 [-1.53, -0.37] a
Sheng S. 2012 130 215 22 217 334 24 8.4% -5.10 [-6.33, -3.86] =
Wei C etal, 2014 52 10 23 o6 15 25 91% -3.37 [-4.27, -2.46] =
Hongbin B et al.2015 180 135 26 300 106 34  68% -9.92[-11.83,-802] —
Tian F etal. 2016 516 9.8 30 965 152 30 9.2% -3.47 [-4.28, -2.65] =0
Subtotal (95% Cl) 152 167 52.7%  -3.79[-5.56, -2.02] -
Heterogeneity: Tau® = 4.61; Chi* = 136.05, df = 5 (P < 0.00001); I* = 96%
Test for overall effect: Z = 4.19 (P < 0.0001)
2.1.2 Neer Type II, lll and IV
Ren S etal. 2011 853 153 21 1596 542 15 92% -1.98 [-2.80, -1.16] -
Haijun Y. 2016 895 149 46 1453 218 46 96% -2.96 [-3.56, -2.36] =
Ding ¥ etal. 2016 824 275 25 1494 265 35 94% -246[-3.14,-1.77] il
Cheng Getal (). 2016 2325 724 3 373 653 32 97% -1.21 [-1.73, -0.69] =l
Cheng Getal (IV). 2016 2638 718 18 3571 681 22 94% -1.31[-2.00, -0.62] "l
Subtotal (95% CI) 146 150 47.3% -1.98 [-2.70, -1.27] *
Heterogeneity: Tau® = 0.55; Chi* = 24.10, df = 4 (P < 0.0001); I* = 83%
Test for overall effect: Z = 5.43 (P < 0.00001)
Total (95% CI) 298 37T 100.0% -2.85[-3.73, -1.97] L 4
Heterogeneity: Tau® = 2.03; Chi* = 161.32, df = 10 (P < 0.00001); I* = 4% 10 5 0 10

Test for overall effect: Z = 6.32 (P < 0.00001)
Test for subaroun differences: Chi* = 3.44. df = 1 (P = 0.06). F=T71.0%

Intramedullary nail Locking plate

Cheng G et al. 2016 % was separated into two parts according to Neer classification®®

Figure 3. Forest plot for meta-analysis of peri-operative bleeding loss for the intramedullary nail and
locking plate groups using random effects model. Data from studies that assessed this parameter.



4370

Journal of International Medical Research 46(11)

Intramedullary nail locking plate
3.1.1 Neer Type ll
2Zhu Y et al. 2008 844 349 26 2141 137 28 80%
Zhu Y et al. 2011 844 369 25 1093 36 26 8.1%
Sheng S. 2012 724 166 22 106 212 24 74%
‘Wei C et al. 2014 78 12 23 110 26 25 T.6%
Hongbin B et al.2015 60.7 48 26 798 53 34 6.4%
TianF etal. 2016 773 18 30 1113 258 30 79%
Subtotal (95% CI) 152 167 453%
Heterogeneity: Tau® = 0.64; Chi” = 34.99, df = 5 (P < 0.00001); I* = 86%
Test for overall effect: Z = 4.84 (P < 0.00001)
3.1.2 Neer Type Il lll and IV
Ren S et al. 2011 853 153 21 1596 542 15 6.6%
Konrad G et al. 2012 54 21 58 87 34 153 9.5%
Xiaodong X et al. 2014 657 103 14 894 148 24 6.8%
Haijun Y. 2016 726 137 46 908 162 46  8.8%
Ding Y etal. 2016 796 108 25 876 84 35 83%
Cheng G et al (Ill). 2016 69.7 12 36 912 96 32 8.0%
Cheng G et al (IV). 2016 776 139 18 1087 144 22 67%
Subtotal (35% Cl) 218 3271 54.7%
Heterogeneity: Tau® = 0.16; Chi* = 18.11, df = 6 (P = 0.006); ¥ = 67%
Test for overall effect: Z = 7.82 (P < 0.00001)
Total (95% CI) 370 494 100.0%

Heterogeneity: Tau* = 0.31; Chi* = 55.06, df = 12 (P < 0.00001); I* = 78%
Test for overall effect: Z = 8.90 (P < 0.00001)
Test for suboroun differences: Chi? = 0.37_df = 1 (P = 054) F=0%
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Intramedullary nail Locking plate

Cheng G et al. 2016 2% was separated into two parts according to Neer classification3?

Figure 4. Forest plot for meta-analysis of operation time between intramedullary nail and locking plate
groups using random effects model. Data from studies that assessed this parameter.

statistically significant difference in opera-
tion time between the intramedullary
nail group and the locking plate group
(Figure 4). The operation time for the intra-
medullary nail group was shorter than for
the locking plate group.

Four studies of Neer type II fractures
and five of Neer type II, IIT and TV fractures
(one study was separated into two parts
according to Neer classification.?) reported
fracture healing time. There was high het-
erogeneity between the studies (I>=81%,
P <0.05) and analysis showed that there
was a statistically significant difference in
fracture healing times between the intrame-
dullary nail group and the locking plate
group (Figure 5). The fracture healing
time for the intramedullary nail group was
shorter than for the locking plate group.

Three studies of Neer type II fractures
and nine of Neer type II, III and IV frac-
tures (one study was separated into two
parts according to Neer classification.?”)
reported Constant scores. There was low
heterogeneity  between  the  studies

(I’=30%) and analysis showed that there
was no statistically significant difference in
Constant scores between treatment groups
(Figure 6).

Seven studies of Neer type 11 fractures and
eleven of Neer type II, III and IV fractures
reported post-operative complications. There
was low heterogeneity between the studies
(I?=40%) and analysis showed that there
was no statistically significant difference in
postoperative complications between treat-
ment groups (Figure 7).

The above six outcomes were evaluated
using the recommendations of the GRADE
system®” for level of evidence quality and
the results were classed as ‘very low grade’
(Table 2).

Discussion

With the increasing aging population,
PHFs have become one of the most
common osteoporotic fractures seen in the
elderly.* In recent years, intramedullary
nails and locking plates have improved the
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Figure 5. Forest plot for meta-analysis of fracture healing time between intramedullary nail and locking
plate groups using random effects model. Data from studies that assessed this parameter.
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Figure 6. Forest plot for meta-analysis of Constant score between the intramedullary nail and locking plate
groups using a fixed effects model. Data from studies that assessed this parameter.

surgical outcome of PHFs and have gradu-
ally replaced rigid internal fixation by con-
ventional plates.”?® However, there is
currently no consensus in the literature on
the best surgical technique for the different
types of PHFs.

For routine Neer type II PHFs both
intramedullary nails and locking plates
have been shown to achieve good clinical
results.?’” However, the use of these two
methods for the treatment of complicated
PHFs of type III and IV is a contentious
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Figure 7. Forest plot for meta-analysis of post-operative complications between intramedullary nail and
locking plate groups using a fixed effects model. Data from studies that assessed this parameter.

Table 2. Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) evidence

quality for each outcome.®®

Quality assessment

No. of Risk of Other Quality of
Outcomes studies bias Inconsistency Indirectness Imprecision considerations evidence
Incision length 5 serious serious none none none Very low
Peri-operative 10 serious serious none none none Very low
bleeding time
Operation time 12 serious serious none none none Very low
Fracture healing time 9 serious serious none none none Very low
Constant score 12 none  serious none none none Very low
Post-operative 18 none  serious none none none Very low

complications

issue. For example, one study reported
intramedullary nail was not appropriate
for Neer type III and IV PHFs because of
the high rate of revision surgery required
and low Constant score,'! whereas, another
study reported that intramedullary nail

insertion for complicated PHFs produced
satisfactory results.’’ Because surgeons,
particularly those in less developed coun-
tries, often select techniques according to
their personal preferences, it is important
to provide an evidence base so that they
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can decide which is the best surgical method
for the treatment of different types of PHF.
To our knowledge, this current report is the
first meta-analysis to use the GRADE
system to evaluate results from studies com-
paring intramedullary nails and locking
plates for PHFs. In addition, we evaluated
data from different types of PHF which has
not previously been considered.?

Results from this current meta-analysis
of 20 published reports suggested that
although the fixation of PHFs with intra-
medullary nails or locking plates produced
similar outcomes in terms of Constant score
and post-operative complications, the inci-
sion length, blood loss, operation time and
fracture healing time were significantly
shorter for the intramedullary nail group.
Moreover, these results were independent
of the type of PHF. One study suggested
that the decreased operation time for the
intramedullary nail procedure may be relat-
ed to the minimal invasive approach of the
nail implant.'* However, stabilizing the
PHF before implanting the nail required
longer radiographic screening compared
with implanting the locking plate.'*
Another study suggested that the shorter
operation time for implantation of the
intramedullary nail resulted in less blood
loss compared with implantation of the
locking plate.®®

Post-operative complications following
repair of PHFs are of serious concern and
may include, pain, infection, nonunion,
osteonecrosis, secondary fracture, screw
breakage, rotator cuff injury and impinge-
ment syndrome.”’* While some studies
have reported pain scores 2-3 times greater
in the locking plate group than the intra-
medullary nail group,'* other studies have
found more post-operative complications in
the intramedullary nail group than in the
locking plate group.'” Each procedure is
associated with inherent difficulties. For
example, although the insertion of a locking
plate for PHFs can reduce the risk of

subacromial impingement syndrome and
promote the recovery of shoulder function,
due to its relatively larger volume, the pro-
cedure may cause iatrogenic injuries which
may cause nonunion and avascular necro-
sis. In addition, although insertion of intra-
medullary nails can provide adequate
fixation and favourable curative effects,
defective surgery may damage important
tendons and nerves and give rise to rotator
cuff injuries and impingement syndromes.
Moreover, intramedullary nails cannot be
used in cases of severe osteoporosis. Some
authors have suggested that the occurrence
of post-operative complications following
repair of PHFs are dependent on the expe-
rience and technique of the surgeon and not
the surgical method.'” Nevertheless, this
current meta-analysis showed that, overall,
there was no statistically significant differ-
ence between the surgical groups in the
complication rate.

Using MINORS to assess the methodo-
logical quality of the included studies, a
number of limitations of this meta-analysis
were identified. For instance, poorly
designed retrospective studies were more
likely to suffer from various tapes of bias,
especially publication bias including detec-
tion bias, selection bias, performance bias
or attrition bias. In addition, due to the lim-
ited number of studies in the analysis, the
potential difference between fixation with
intramedullary nails and locking plates on
Neer type III and IV PHFs could not be
fully explored. Another limitation of the
meta-analysis was that according to the
GRADE recommendations for level of evi-
dence quality, the results were classed as
‘very low grade’.*

In summary, although the evidence qual-
ity was ‘very low’ in this meta-analysis
because of clinical heterogeneity and limit-
ed information, the data tend to suggest
that intramedullary nails may be superior
to locking plated for the repair of PHFs.
Further research is required and future
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studies should include analysis of assess-
ments at 3, 6, 12 and/or 24 months and
follow-up after removal of the implants.
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